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(54) GROWING METHOD OF NITRIDE SEMICONDUCTOR AND NITRIDE 
SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a growing 
method for nitride semiconductor of with good 
crystallinity. 

SOLUTION: A first protective film 1 1 is partly formed 
on a dissimilar substrate 1 consisting of a material 
different from that of a nitride semiconductor or on 
the surface of a nitride semiconductor layer 2 grown 
on the dissimilar substrate 1, and a first nitride 
semiconductor layer 3 is grown via the first protective 
film 1 1. The first nitride semiconductor 3 is selectively 
grown on the protective film 1 1 and continuously 0* 
joined together with an adjacent nitride 
semiconductor on the protective film 11 as it 
continues to grow. The first nitride semiconductor 3 
on the first protective film 1 1 has few lattice defects, 
so that a nitride semiconductor substrate of good 
crystallinity is obtained, when a thick nitride 
semiconductor film is grown via a protective film. A 
nitride semiconductor substrate is grown to a 
prescribed thickness, and when an element structure is formed thereon, a satisfactory 
element with improved characteristics is obtained. 
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T«« £ ft 6 r £ £4$» fc -T *«# « 1 t-IEtt^^kfe 
ntV^VN»» (^) o«#5^mBTiLT»j8S 

[»*«5j mmmucom (w w ) t^h^-Y^ 

3* 1 CD*£HJ]I<7>ipM (Ws) WJtWs/Wwd\ 1 — 2 0 

t& 5 r ^ ^ri#m^ -r 1 — 4 C7)^-f ft/** 1 ^tC 

[ it * * 7 ] Huie^^s^ « * ^ * * ^ r > ? 

[»**8J ffllB»«S«^ (0 0 0 1) D5£r±®£ 
-i ~T (D (l 1 2 — 0) ©Id^LTSfift;* h7^f^tt 

& r <t -r i~7 cov>m^ i m 

[«#Jg9] ffiHS*«S«^ s (l i 2-0) ®£3z® 
7^7(7) (l 1-0 2) Ef^ltli^^ hyj^M 

vtzm-tz z t &&mt-fz>m&m 1 - 7 o^-r fta> 1 
0] ffiriBAaas«^ (111) ®^^s<t 

/no (110) ffit^LTSiE*^ hy^y'mVt^m-r 

zzt ar«« ^ -r 5 if 1 - 7 01 *-r*ia» 1 ^tcsstt 
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[ss#jg 1 1 ] tuiefg 2 roigg, m 1 

«i-io co^-f ft i *jcia*<o»b**i»fl:oj«;ft* 

10 m»<omm^titif^&x«k $ ft & r £ 
[f»#js i 3 ] totem 2 6o«»iKfi % iuism i 

4] aib«*#»ta*5*t»j:o*s» 
aa«±icafi$^«{b**wffo±^, k i cogus 

m i o*<bw*»*3&s*« $ ft. toomi (Dmtvo^m 

20 - 1 &¥tWLtirzmkto¥mftm*o 

i 5 ] MIBfB 1 <o««]RdS, » l <Di%mm<D 
tef3L&frX\<^^ft<Dmffim£ 9 fc*^v^ffiaS:t 
LTM^nS ^ t t5»*9 1 4 [df2«cO^ 

4b^*f#§fl^-o 
[flMWl 6] Wb«*W»4:**6«-»J:D*SJ* 

i 7 ] mmm 1 os{b«j^«»^, ww* 1 

ttxv^ - b&WWtk'tzm&mi 4~i 6(7)v>Tft 
i 8 ] KrEJB l o»b*¥*ff ttRff 7 

t&w&k-fzm&mi 4-i 6(ov^-fft^i«id 
la^oa^b*****^. 
40 [f»#jgi9] mftfs i (omm^mmK ®M<om 

ill 4-1 8 0V>-rtU^l*Jc|E*Oft<b»*W** 

[ 2 o ] ±i2^^^it ^ ft ^ a^bft****s . 

i:t S^^JSl 4-1 9 0t^ft^l*Sl-IE«<£> 
^{b^)^^^^T- 0 

so n «tt3ds^A ^ ftT v n § r t S:4»« i: i" 
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i4~2o w-rtit>> i m\^ffi<D&<tyo¥^fcm*o 
[a*52 2] HtriE*gpo#i (ww) ^ii^cd^m 

(Ws) OltWs/Ww^ l-2 0T*fc5rtS:*a 
- 14-210V 1 *cKtt<D*f b» 

[0 0 0 1] 

[**±05fiJffl»«F] *»HWcSfb«¥aW* (I nxA 
hGai-n N. O^X, O^Y, X+Y^ 1 ) (DfSL&Jjm 

[0 00 2] 

[0 0 0 3] IMM*^fI^t5GaN 20 

[0 0 0 4] GaNM^Slt^WHT, «*.tf 
7-202265 7- 1 6 5 4 9 

f77^7l^J:{:ZnOi:^^^5/77 

ZnO/^y77l^lffij:i< > ^^)^ 5/ 7 r Jl^-k 
(Cg{b#3¥*l#£j&S lSoitt^#M 0 B H 

[0 0 0 5] 

t-. s^^^is^com^^^t-^^H^^b 

S-frT, »^»ds^4v^b«*W# 

av^b»*w*©«**»*««-r6riic*)0, n 

#»«cr4*«t*6»b*M£3t»:^fiK**»i:. S^b^ 
£ 6 ftafcflHSo*-^ «:»«■*■ £ ^ £ I- 

[0 00 6] 

[li^^tat^O^] HP*?, *«fl«:TB so 



(1) - (2 2) ^Wdt^JiO^WOBftSra*-*-* 

(1) *<b*¥»tt* 0ttSJl««RJh 

^MtsiiOTS^ ^icoxmm, mi<omit 

•*»#fc, flaiEa^b*¥»*©±*cj««**<5 4:* 

(2) meffKoftflijR^. *i *n 

S*t5C4:*r4*«4:i-<5WE ( 1 ) lcE*fc*>»fb*¥* 

»fflt<7)±lc:*T-^S$-frSSR 2 <7}X^£ r t 

(4) ffiEffl<z>«flMas* ^h7^^KT*>^ M 

7-f^«o« 1 tD«fllBt(0***tLTV^ 

6it*rW«fci-5«IB (1) - (3) W-ftifrim 

(5) auEiSSBOffi (Ww) h ^ 4 yvtcom 1 co 

ftiRO« (Ws) OitWs/Ww^\ l-20t'fc5 

r ^^#m^"r5mj|5 (1) - (4) <mv-r*i7^i^c 
E*<a«fb»¥Wtt<7>«fi;fr«fco 

[0007] ( 6 ) itae««g«tt-t os«co£®a> 

(l) - (5) (D^Ttt^ 1 ^tc|B«co^bfe^(*:co 

( 7 ) mlERaStgtt:*^ y 7 p ^Ct77y^vtt 
v^r fc£»»£-*-5iiuE (6) KEtt<D^bft¥t»fle 

(8) ffirieiiaxfi^ (0001) ®= (c®) 
7T«<T<n (1 1 2-0) ®= (Affi) icatLTMMe 

* h 7^ r 4:^#mi:i-^B(If5 (1) - 

(7) ov^h*»i*»c|B««>Kft;**»flco*** 

(9) IfttESaSS^ (112-O) ®= (A®) £ 
^-77^T<0 (1 1-02) ®= (Rffi) iC^LT^iE 

h^ofyMVt&m-tz^ t^mti-^U (1) 
- (7) ^^i*n*»i*jcR*oK<b****<z)rt«* 

(1 0) miB*aas^ (111) ®^^®i:-rs^ 

(110) ®I^StTSE4^ h7-r^jR«rW*rS- 
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fc*4*«£i-;5tfnE (i) ~ (7) w-rtit>*im\zK 

[0 0 0 8] (11) mB»2<BXS«. *lC0»flS 
- te¥*#WXK:JS 2 ©««»*»#ftfc«J«-t-*JfS 3 <£> 

<E> X I C * T*/& « $ 6 ft 4 (D X a £ tf r £ £ 4# m t 

-tzmm (i) - do) ov^-fixi*^fa«<o»k* 

(12) huIE^ 2 OfflMtMU m 1 10 

«fffi ( i i ) fc«B«oaft»**ff«>rii«*ife« 

(13) milE^ 2 co««Kfi x ifJlEjg 1 <D&mm t ¥■ 

i) **:fi (12) jcE«toa[ft»***^j5R**ffi. 

[0 0 0 9] (14) 2>fb*¥Wffi:**Stt3H-J:9 

*s*ass±jc^ssnfcfi{k*^*»:o±^, mi 

(15) mum 1 o«bibi35s/ sg 1 <ovmm<oj&fSLZ 
^^wm^-r^ttjiE (14) fcHE«©»ffc» 

(1 6) mm^mftkmtezttmi: vtezmmmm 

HMMM***3*U ^^lOtftWif*:o±^I^ 30 

(17) ffiKfg 1 onucfft^, mmm 1 * ma 
x. 5 0 nmUTomm&Gi^ mummmm^vx 
^^zt^^mt-r^mm (14) — a 6) cov^tt 

(is) mjism 1 <nmkVo*mmK mmm 70^ 

£4#m<b1-£liufE (14) - (16) (^v^H^l^c 
IE*©fc<M*¥»tW«-. 40 

(19) BUfSm 1 <0^k»¥*fr35 s , *«<0«^ 5 /z 

Ji*c*ftSJxfefc<o-C«>5rfc*:««4:i-5t9R (l 
4) - (18) OV^-fJX3&*l*^IE«oa<k»**fl:* 

(20) ±ia*^«5tfc*5«{k»*8«|c*s. jg«^ 
^smiie (1 4) ~ (1 9) (D^^-rti^im^mmco 

(2 1) MIE«»^«ifi«r«-r-5 n«»t»¥*{*lc so 
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n«tttfs»jSS*tT^5r MIS (14) 

- (20) w^ftfrimzm^mk^m&m^o 
(22) fltriBffi»o« (ww) k$mm<nm cw s ) 

ib (14) ~ (21) <D^^ti^im\^m<Dmtm^ 

l 0 0 1 0 ] o£ 9 x *»W<oriE«*«feW[. lS£«-b 

r«s«(&x^ iio«e«t 
Mia*** ^tv^v ^.^co^rsa <t 0 * # v ^mmm 

&(c*5V>r. MSS±CI81 1 ^Sg^ML, 
ttG>*MI t «rWfiEi-S r <h tc J: 0 ^ B B B ^l&<D/>ft^Sg 

[0011] *mw<om 1 Rtfss 2 <DKm<D3rm 

^ic^^ri^ is 5 asjSiAKas^ft < ft 9 »* L 
[0012] mic, *mw(Dm 1 xt;* 2 o^ffiw^s 

»*ftif«r»3tLTfr5w tlcitK 
[0013] *»WoJB 1 SO^I 2 o^ffico^fe 

<tc7)£g^t) ^5 Mm J^T(7)^ h7>f^t LTM^tl 

^ B B B ^PH^mi <omtm^mi^(omm^m^{tuc< 

^ft<ft9#*Lv\ M^^^co^I (ww) ir^li^co 
*I (w s ) oitWs/Ww!r, 1-^2 0 kteZ>£?^m 



(5) 
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[0 0 14] tfc^^Of 1 2 ^^iO^lC 

m 2 <Dmm*m#i:f5 2 <o^mm<D±^x^^ 

^Wff<o*aB*cgUx/t**>c»±ki, «r A^cKSrff U 10 
5 ^ B ^lfe<OifEft:££ 6«cft»*cB6Jh 

[0015] m2<D&mmi>K mKDmn 

Ki¥ff4^ h^:7^#£^LTffM£*bTV>6^ 

£\ at^tr*^ (110) mztt^Tmmtejjfax^wi 
[0016] *mm<nmm*m#m*t*.. *wb*«w 

9 7fM; (SB 1 ^ffioS-ffc^affrlR 

hxz^wtmmzmisXB&tsfrtzm 1 <Dmm*mt£ 30 

ff4tt«tr*t5»k»**((«*t#5 ^ t fcX%& 
[0 0 17] ^^O^^fife^^bfe^***^^, wi 

[0018] jEic, *&m<nm 1 jg 2 <Ditm<Dmt 

OJfefi^Pfeas J: 9 < * 9 , *^tt«3&S3E«-fPJ± L£P 
£LV\> £fc, *^*S*ttS*fb«¥Wtti: IT, jfi 

o«»^«igo n «ojg{bW¥**fc n mmmm s 

^/c^^CO^ (Ww) £i£!lJg|cO£I (Ws) COitW s X 
Ww^ 1-2 OXtbZ k*&W<D8\m& £ 9 

*tg<#5 0 50 
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[0019] 

ii-e8i©««©»*W, *«*R±fc:»b»¥ 

05 (mi mm) T*>*a\ m2<Dmm) 

BBt*«fiJ^6»^fcH:|fS 1 <DS4b4fe¥*{M**riG:K t 
t LTfif 9 i: «t 9 Afftlzm 1 <»Wtefa* 

m»&&*m 60 *mw<Dm 1 o?Kiiodcfi* 
\z->\,-xmw-tz> 0 

[0020] mi 7!7Miu 6 ti. *&m<ofg 1 (Djtm<Df& 
&xm<D&T.mic&\,*xnbti&mkW¥m#$ 

lliHiBK, 2tt«fb*MMM«B. 3liJBl©»k» 
4f4JS2«>»fc»*S|tff*, litej&iojfc 
SJg£, 12tt*2 0»««t*t. 

[0021] #sgi^sfi 1 ©*tB<z)ric«*jfe"cr4. Id 1 

a>XS{c*5^T\ iilOTfj:9l:Ml«i±l^I. 
ii\ :^IWS*l2±lcIi^l^l l«r»» 

CDffe, R ®x Al^iI<!:t5t77'1'T, ^fc'^/U 
(MgAl 2 04) C0i SiC (6H, 

4H, 3C^r^tf) . ZnS, ZnO, GaAs, S 
i. R^aftfe^frirft^fi^-t-S^bteSffi^, fig 

[0022] miiz7jk£tiz>mmm&i ±ttm£tix 

1/^/^77712 ^ LTfi. Fd^Ll^A IN, GaN, A 
1 G a N, I n G a N3££: 9 0 0X:&LT<OM&X\ BiW- 

*Stt6^ »b**i»flsodE**«fe, Sfi^)IS«i: 
li, *«K«i:*<b*¥#*Ji2 i:<o»^£*5FjE«r« 
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[0 0 2 3] *mW<Dm 1 <OJtm<D$L%:j5m\Z-&^X , 

T > K— ^ PF«4*«r K— ^Lfct/vRflg, u n d o p 
e) <DGaN, n^W^ K-^LfcG a N, ^fcS 

^u<^i o 5 o°cxmmm^±^-^^ti, m 

[0 0 2 4] Jg l OftSIJK 1 1 (Ot«s|-£ LTte. ifcSEI 

-rut (s i ox) , mcrm (s ixNv) , ssnb^* 

> (T i Ox) , ^bv^l^-^A (Z r Ox) «<E>BMb 

mem, *tc^tib<D&mm<Dm, 1 2 0 ot^i 

ftaWTfitt, tft«¥««(OAHJt6 oot-11 20 
0 O^CcoraSlc^I^. *o*ffitcft<b*¥3Mta&Sfat* 

yy^y^-mmzm^^x. mfe<oj&yt&m-rz>7* b 
§Si 1 1 tawfc* 5o SB 1 <£>f£Sigl 1 1 <&a?ifett» 

v\, £fcB 1 ^«H« 1 1 0 
< bfe*ds»^teO'>*v^ 1 <^jb#>¥W# 

3 LV\, 

[0 0 2 5] g§ 1 0«»JR<D*ffi«aS, 1 OftSliRdS 
^^^^b4^^^<7>^®T^C6^ B B B ^^(7)tefi 40 

^L/cl^, LV^ h^-Y^IfiO. 5-100/i 
nu $ P>(C»^ L < I* 1 u m- 5 0 /i miS^Bt'M 
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[0 0 2 6] Htc, ftBKj:«ffo«sa«:IIS-r5fiF 
£ U 5S»^«S: 5 /i mEkT\zWUt-tZ ^ 1 3fts»* L 

<. ^^iC»*L< Ji^COtS (Ww) ^^h7^^ 
tf)^l<a«aBttf>H (Ws) it, Ws/Ww^l-2 

0 ?l-H^LT*T9 0 rwj: 5 l-SSi 

1 1 t mUco^VJ s /Ww £rffl£E UTS 1 <o£fb«>¥ 

SSttftV^ ^Jxi^O. 01-5^mt'fc»}, $f*L 
<t^0. 1 — 3iimtfe!), ct t 9^*L<Ji0. 1 — 2 

V\ ^OtM (Ww) ^^IIIlco^ (Ws) colt 

Ws/Wwlt l~20t*fe^ ^L<(il-10t* 

[0027] ^tc. jg 2 oxgrii, m 2 tcx^-r i: ^ 

O_bfd^fiS-fr5»105^b»¥W*3^ LTtt, 

^LftV^i, undope) <DG a N. «U<ttnffl^F«* 

[0 0 2 8] H! 2 iZTF-f X 9 i-> ^1 cO^HM 1 1 *r# 
^tfcff^^l 2 co_h{r^ 1 02^b»¥**» 3 
*l(7)ft8«[i lco_btci^ico^b 

3 ^dcft-fr-r, «mu)t^b«F¥Wf*:jB2± 
titAkmizt > m i comtvo^mftm 3 1 <o$m 

t>IB 1 (OftfliJK 1 1 <D±^m 1 o^b^^*frJS 3 #ric 
[0029] rcoJ:9 ic^S 1 co^b^^^g 
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£fftV\» 10 
[0 0 3 0] fllxJ*. H3«C^-t-i>J.^<0*ft»*»flc 

jia&K i i <omm*m»m 3 

£i"£ 0 L^U ^co&^o^L/cMal^Pfete, H 

1 OftflMt 1 1 ±a5(C^^ttfcB 1 OSW^^fti 

1 co ^fc^ n 3 a* j£« + tco 4 # o fc t> <z> x 5 
<n% 1 ott^«¥«»Ji 3 <omm mmm±u&x*&n 

tt3tt3!«?mKflMJfC I- J: 6 t «»K.h« n & t 
[0 0 3 1 ] Si ©S^^Sfti 3 (D$tm<D& 

3 «a«±«{^ftL/ct> 
co{cit^^ B e B ^P(&^^vMl^]^fe6o rcocirJi, 

^ B B B ^:^co^{i^ih^ofc^coco, fei"*^ctetfcSr3KW 
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<DXtete\<^b%z-b1nZ> 0 

[0032] z<D£?%:&£kxfa<Dm&<Dm\,^z£z>m 

& \z fefir ^mS'J £ *x«SM! -kM ic li fa & A, t ^ RS # JL b 

*3^TI*1 0 5 i/cm 2 ^TT*fc^ «8WI±»"eB:, 
13:13: 1 0 5 <®/ c m 2 J^T, L^f+l-^^-m 1 0 

i- 5 ^ y ^ tr y b (DWc&nmi- z> r £ K J: 0 Hffi-c # 

[0 0 3 3] Si 0>afc«¥3MM 3 oBlfltt u-Ctt. 
3fct:i7l2fi!tL;fc»i <0flMR<OBOT, *#£lcJ;oTtJI 

ftsa*, &mm<Dmm&mo x ?\z.&\ tomtom 

UO^l, $f>I^Kfj:5oe^±(Olftfi!c 

¥kmmmM*m\-,xn?M&&tbz>o ^tzmmmm 

[0 0 3 4] IllSfi^Si^^^ti*^, jR 1 

gcO^J?tC^cS$n. ^Jxt^, Mt<(i70~500 
//m, J:^*l<(j:1 00-3 0 0/im, MJ^jff * L 

<(iioo-25o^mt^5 0 ^(ommxh^tm^- 
m&bt£zmm¥&»<D&&<DjGL-?»*^< % *itm 

»*Lt\ *aStR*»*"*-Sfc, *^«*«:» 

ofi#/ < c*^-«itdq#P>nS< ft9»* LV\ ^fcMS 

OlSJ5fil — 5 0 Aim, »$Ktt2-40^m, J: D 
L<li5-30/im, tot Klil 0-2 

0/imT'fe6 o cO«5I-C&5iaiI«tHb»¥» 

fc<om&&&Mmc£z>t7=jL^<DELQ t>m±x$ . Mi^ 
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[0 0 3 5] Jia*«±fc»b*¥W**««Sli-5 
ilMt«:*DX"t-S<Ott«ILvHHlPlf-*>6. tfcoT, gag 10 

1 0 16 /cm 3 ~ 5 X 1 0 19 /cm 3 <7>ffiffl"e n SS^*Mfc£: K 
[0 0 3 6] SSifiS:»* LT45$ft«l^ift*^ 20 

fftt. 5 0 fimj: ^t^ift'fc6: fc*S»*LV\ 
rwj: 5 ****** 1 ^M^i^tLT^^t, 
JifELfc<fc SK^'^KOas*^ < t) & 

<46©t, AliS^^ It d^S 1 oSftft** 

tt t /iSS 1 9 ^4 < 4 9 , m+ffi 30 

3S^:ft6ttft«##ff«:ft»*i:**L»<ftS. 

Tm 1 WS<k«F^»*«SrS^»¥*#:3i« (G a 

SS-frSRSK:, »aS«*^£l&*LTRffl$ixtf:fl5£: 
^*«#5wtis-ciffs lv\ so 
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[0037] *»wtc*5v^T, micomt^m 

[0 0 3 8] ^tLV^l^Lt, »2(OXSS 

s 3 oxsst;* 4 wissrfi 1 5 r t ia 5 *^ « 

S1\ **W<0*3 0Xa^*3V^-C, @4C^tJ:5 

titzm&xffa&m? x 5^, *?*:*««* (m2<D&m 
mi 2) *mrtz>« jwbwki^-c, m2<D$mwki 2 

0*B5tc»»Wtc, L < f*|g 1 oa^w^aw*:* 3 
lc# * L < ttSS 1 <o»b«¥*ff Jl 3 oAJMOfflfciiSft 

[0 0 3 9] >fc*5 % m4xnm3xi&M:£ j <t£imi<n f £ 

1 £>&4b4fo¥i*frJI 3 co^ffitc^ 2 Z>6^* 1 2 

[0 040] »* L < tt» 2 O^S/K 1 2 0*ffi«f*# 

&m\zmjtix\,^z>i&&iKi&&&? x si-j&ssft-c^s 

i*jMKLV\ «;fctfSUo«**i l^b7><y 
<Offc^*i 2 S:fR»±«l3:»«i-5. »2 0«HKi 2 

[0041] *^pj<^^4oxatc^^r, Sg2 
<o«wk i 2 asjBjs $ ttfc^ i oaft»*»*i 3 jlk 

*2co»t«*Wff/B4«r«*S-e-<5, mstc^-TJ:^ 

2 (D&mm i 2 cD_h(c(i^ 2 (DM£m*m#m 4 

■fr-f, R 1 o« fl«*»#l 3 o±M*W*Kt 

L^t«gfi>cPa^>>fcV^ 1 Ogfbfel^^I 3 (D±\Z 

Uz<\,\ ^iblw, »2<D^b^***4 
<7)T1I ^ 1 ottlb***** 3 jc^fefi^pfe^s 

/>*v^a?>, SB 2 (omm^MWM 4 co«««]JHtc*3V^ 



(9) 
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xmiiL-rzmghxmh'PteK fts 0 

[0 0 4 2] £b\Cj$L&&WtX^< m6[Z7f:-t£ 
SIR 1 2 ©latoft^ D, S2 co^rMR 12$:IU 
1411 M B B 0 ^PfeCD/>ftV^l^S^¥^^3^T 

2 cd^sr i2it mi (omtm^mfc 3 <D*aK:«*t 

fcftfcjB2 <D*fbft¥*fWi 4 tt* 1 <a&fb4fe¥iftftJI 
H4±(c*^«igSr^i-Si:ttStt^av^iR^sj: 9 

#f>n^t< ft So 

[0 0 4 3] «^«f2«(D^j£{:o 

[0 0 44] #fg0J<E>gl 2 (Dffl&ntSL&Jjm*. 17IC 
SKl l£> »lO«»JRl 1 offM^ttTV>ftv>^ 

»LTt>J:v\ «2o**o*«*feje:*3v^r, %\<r> 

mtm^mfcm 3 n mrism i (omm^^mtrnm 

■ 3 3&s*«S*x6. HI8tc^-rJ: JMlStK 

l £ »b*¥Wtt (_bfESg 2 <D*«<ojS**S»c:fcv^ 40 

l"<0»*ori6«*fti:ra«^, K»A»blEfit-J-S^, SB 

1 (omtvo^mfcm 3 o^s^ts 9 -hizmmmm 

U 3Elc»i<o«g«Ri l±tttc*;m£ A, 

te&&frf&tf'J>te< ft S 0 MCl2(7)gi^l^(C 

<7>*I £ f8»o«ol«^*a£*offi*ttfc if «r#3£i" 
S<b, J:l9fi»ftJBl<omb**W#:dS»(bHS. 12 
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[0 0 4 5] ftio, *«W<^*2<D««©rilft*ifetC*3 
l^Tfl, /^y77l, Rt;/<y77iwll:SfiSt5 

m 1 <a£ib»¥*<£* 3 SBio^b^«fr«£^ 

9 0 0^9, Bi3ft*3o*2oxa*ci*5v^r. sass 
i<7)^®<tig^ur, tt»aa&K0>j:ic£**ii: 

fc»b*¥*»:4:ii«L"Cj«ftS^:T, 

1 .lsbic * -e/ss s * s a{b»*w*tt±r* 1 <Dm\L 

[0046] ^w<n%$ 2 <omm<Djs.^m^ 
^x. »*u<tt, «rEJBio»*ort«*Sfeo»-&fc 

l3(OI^^lt, IB 1 eoS{b4fe^«ft:J| 3 CO 

II 2^J*L. «V^l4(OIgi: It, 12^1 
fll 1 2 &Jfcj* L tz.% 1 (Olfbtl^^^l 3 CO±(C^ 2 
»b**W»JB4S:ri£*S-er-5 0 roi5(c«2^I 

■ 1 2 mi<omm<D^^mkmm\^ 

m 1 W^bte¥«#:» 3 (D^ffiicmtLTV^S^B^^cO 

JRioS<b«¥*»JB3<oAfiajn(c«A^n^C 
ffiLTV^*8B±«^»2<Z5«ttlR«r^-rst > Kffi 
<D*m LfcjBfi^R&OHteffi^ CT t IB 2 (D^SM 1 

2 T*fg 2 <Dgfb«J¥*tt* 4 — <Dfe&i>mitX% S e 

[0047] ft^o, *mw<Dmi<nmn. Rvm2<Dm 
m*>T&v,x'fTo^ khx%z> 0 w*d. g^te^tbi 

[0 0 4 8] &lc, ^^T*fflV>f)|i5»IiSS^ff* 

«ag*^i-^=y h-fe/um-efeSo ^{b^^3i*ttiE«i 

15c *3S91tf>;*8rm. $?^U<liC®= (0 0 0 
1) ®^±ffi^t6t77^7$:fflv\ micD^S^fi 

-^^r-rrA®= (112-0) mci$Lxmw.te* h 
yjzfxmk-tZo mz-&. mi on±mm<D j 9*7T<< 
Tmm<D¥mmx3bz> 0 roint77^7c®^±i 

?<<(7&Am\ztt\^xmw3jfax^ sv^fc^Tft^h^ 
^yzMffc-tZo m 1 0 iz^-rx 0 ic, t77^rc@ 

±»c*<b»***«r»«A«**fc»fr, »bfe¥W<* 
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[0 04 9] l^fc, Affi^±itt6t7r^7SS 
(11-02) ffittSh RffiiCffiE^fa(C*fLT, 

[0 0 5 0] ^yc^t'^/U (MgAhOi) id^J-LT 

ft^fiffi*- (i i i) ®£u ^-vy^m^ (1 1 

0) ®<b"f Sffcfe¥«{m (1 1 0) ®fC*fLT 
¥ L ft#falZ&&^'t\,*mfa&&>2bZ> 0 t£oT (1 1 

o) micttLxmmzjjfatcx h^^^^m^-r^tm 

[0 0 5 1 ] SlM©±i^f)t77>^H 

£ e Hil 5firo-th^r-rTS^(7)^T®^fe^:UT^-r 
«5tia"efc5o ^11 5K:*+^^y^iRfC3j-7r>^ 
Lfc£«te, l*tf*¥*^7;*SM*A£ % M^Bi: 

0. 5ty^hD-A v f^J:t2ty^bD 

^cS®<07K¥®tc^L-C, 0. 1 3° L^iML 

fltlt Hi 5i;^fJ;9l:, «»^SSloji£9BSr«S^ 

£ ^>(C»^ L< J22 S^v^* Np-AOT, 

L<(j:2 0ty^hp-AOT:t5o TPSfi2^V 

^hD^A^i$LV> e ^lfi(Cf7r^7C 

C®^f>^7^0iilg^f^, 
L<tt0. S^J^T. £bM#£L<f±0. 6^TIC 
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[0052] **w©aft**w**T-«cov^r 
« * * s is 1 0 a^tfe <o ± \zmmj&M & tvr ^ 

10 60 ±IH^W^^lStJ ? M2(0^<Z)^^¥#»:^ 
^**WfrO»JRJ¥tt. 1 fi m&l± % 5 0 /i mJ^T-efe 

[0053] *5g^o^fc:^**af^coiR^« 

£ (DSttSSt «r ®T $ * 5 tf> jHf&T-jf MnS^ 
5^0^"C»^LV\ JEM, »fc»*Wflc*^Sr*j«i- 

» 1 i&o 5 * 2 (Dj&m<Dmm*m»m*<D--n-m<Dtem 

ttrttJcRR^$tb3fei\ *3g^tc43V^T, ^>fb^J 

PE (#«&JR»tBricftS:) . HVPE (^7>f K*« 
^cSfe) , MBE 

^ttv^cj^fts-ersr ^^x*#5o ui, movpe 

[0054] 

[H5S^J] [HJS^J l ] 1 <o»tt<oricft*jSfe) 
*IWJliMOVPE (#«^JKfttSAS%) {-o^T 
^i-t<Z5-efeS*S, *!8^<7)*-fett % MOVPE^JCPg 

ife) , MBE (»^-»«ffij«S«fe) ^> Sfttt¥«flc«r 
50 *S$-fr5^(c:^P>nTV^s^:ro*ffi«:igffiT-#5o 
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[0 0 5 5] f*SS 1 <DMWi&^'t&X.n<D v~ =. 

• L> rUS£5 l otiar, ^r-v y T^f^JCTK*. IBS- 

t77>frSSl±l:GaNi:D^y77i 

rlMt, TMGO^ih^r, rfiSS: i 0 5 0^-0 

T>^e^T, /BV\ 7>F-7 P GaNl2 10 

£ 5 n m^JRJJ-C^fiS-frSo ^777ii:GaNl2 
££SBLfc^^-'>c7>, ^(DGaNi2(Dii:^h7 
^^7^- h^**£r»/*U CV D3SKt- <fc h 
7>f 1 0 n m, &£tf8 /imOS i02i!?^5il 
^illl^O. l^mOJBJ|t«t5 (Ull) o 
ft**, Il«ll^F7^Mlit77^7 

[0 0 5 6]Il(OriIllMll 
^3&JC#U 1 0 5 0tCT, IW^CTMG, TV 

^e^T£/Sv\ ryhWGaNji^^siiwItt 20 

*i*iSrl0 0/im©ICTT'«fi^5 (13 2 , SI 
3) 0 

[0 0 5 7] W:, !>x^^KJ6«»>P,»Dfflt, 

3 <7>*ffii;i. ^hy>f^Bl2^m, PA Hi 
6 /zmWS isN4 J:9<CS^2 0«»IKl 2 £ 0 . 1 ju 
m^iBtff-C. SS*PfeS:»5 «t SK^/*-*** (HI 4) o 

[0 0 5 8] f2(0«l 2^fig«. 
KSCIL, ^W^ICTMG, TV^-T^ffi 30 

V\ TVK— a N x 2 (omtyo^^itm 

4^15 0/imC0lf"C^$^o I2 0I»M 

[0 0 5 9] (lt««f|) itS5EC7>fcfe, Cffi££® 

tLAl^ty77®tt5f7 7 'Y7M±^, |gl 

COG a N^2/77i^f$f, ^OjtfCS i £ 1 X 1 
0 18 /cm 3 K— ZfX^tiG a N £: 100^ m^cf $^^ 0 
[0 0 6 0] ±1Bjll6«l-C»e>lXit»2(Ott<fc»** 40 

^W^ftfttt^WfrlittRWwtcoitb^T 1/2 0 
0J^TtC^>LT^fc o *2tf>«Sflll 2&tfgl 

2c7)^b^¥^S4^^$-^^t^^r% mi(om 
pjufcirr^, jr i <Dmkta*m#m 3 osmhok 

12. tttS^JcOG a N®CO^ 0 H B ^^cO^(C^LT 1/ 1 0 
0^TJ^'>LTV^Co 

[oo6i] [j«6«2] m2<Dmm<D&&jjm 50 
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-f^WH 6/im<OS i 02*9*5* 1<E>«» 

il 1^0. iMmCOlItMt^ (H7) e ft*>, 

[0 0 6 2] mmmi&&. mmz&fo®^^ y v 

U ?&K£5 1 O^tciLT, y T^^JCtK^. JK» 

mKomumi it«*tfcs«i±icGaNj: 

•3^6^7771^2 0 Osd"^;* Fp- AtPJKJf"? 
J««*-&5. (B7) 

[0 0 6 3]/<777l«II> TMGWih^T, 
^£ 1 0 5 0^£T'Jh|?-£^£ o 1 0 5 OtC^ot 

V\ Si^lXlO'VcmH^UcGaNJ:^^ 
f 1©M%^I3^1 00/i m<OKJ?-C^fiS-fr 
6 (B8*D- o 
[0 0 6 4]Il<Dl^**i3^m 

* 1 0^b»¥*ft:Ji 3 
i^77^ltaffi«iU S i K-^G a N* K> 

ft ^ «k ^ o 

[0 0 6 5] H^j2T^#bixfcG a Nft, itufEHifc 
#Jl T^Lfcit^JT^f hfttcG a NgO^ffiffi^^fc 

*&m<omk&¥m{*m\*tt&m<Di><Dktt'<x 1 
/i oj^t^/>ltv^c 0 

[0 0 6 6] [^3feW3] H16«lj2-e»P>iX^:»l<OS 
ft**»«:Ji 3 <Di&m^ * h7^/^7^M 
U CVDMia^ h7-f 7°tll 0 ^m, ^ 6 ju 
mCOS i3N4*9ft63l2c7)f£^j^l 2 £ 0 . 1 ju m<D 

mmr*mj&~tz> (in 8) 0 ft**, jb2cd«»ibi 2©s 

Mi*. (D8ic^i-J:9fc % fefi^pa$r«5*p(c»fi^c 
Pfe-Ltd, I2(D«1 2(7>1 0 /im(Z)7 h7^7 e ^< 
Z£5^*?<&t>-&&LX\,^Z>b&\Z, fglcOifc^Jgl 

1 1 1 wrft* h^>r^«r*ab-cir^s. *2C0^:SII^ 

CTMG, 7>^e^7, ^7^7^^^^^^. S i £: 1 X 
1 0 18 /cm 3 K-7 P LfcGaNj:«9ft6*2cT)^{b^^ 
»*!4lrl 5 0 tim<DmmX~&%:£i£Z> (HI 8) . * 
2C5»b» i l fe WffJl4*«a, **wNS:Ktf?**36»b 
li^l, HJfifi»J2 ^l^l«lcLr, SStrfltsgFML 
T, iftiiafctD^JcftOftS:, Hfrl5jt»^JcOG 

[0067] [nj6««4] njg^i2(c*5^r. mmnc 

Affi^^ffiirL, ^!i77l^RI^t6t77^7^ 
l«r»riM-5. ft*3, JBKOftfllHi l 



(12) 
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M®\2 tmm^^X S i K-^G a N J: 9ft£fgl CO^ 
^¥^#J13£ 1 0 0 mn(DmJW-T* tct Z 

[oo6 8] [^fe#j5] mmmsteHVPEm^x v 

i) ffi&±mti,, *V79m* (i i o) ffit-rz, 
14 <Dxt°*;u£ ytjizmmi zmM-fz>o ^<d 
x\?*/ummi <D^m\cmmm2 ^tiat, 7*y 

-**?&J&f&\^ S i Oz £ 1 
5 0 ft is* h 2 ^h^-f^Pi(i6 

[0 0 6 9] HVPEMTU ^£9ft£»£^ 

[0 0 7 0] ^n>r>;tf^J: ^ffl^r-Y y 7^^± 

ti9 0 Otttil, ^fc 0 ^/^S^iiyi* 10 5 Otl^P 
IU$)^ ^LT, HCl^i:Ga^^tG 

MM5 0/im/hrt*3^S^nv\ ^ 
$ 1 5 0 »m(DS i £r 1 X 1 0 18 /cm 3 K— ^UfcG a 

[0 0 7 l]^Ii, ^SrKfi?*«*»b*9ffl 

[0 0 7 2] [^#J6] ^|£#j2*C:k^-t\ l^z-f 
5 /imCOS i Oz .fc9ft6i£g&gll 1 £rl »m 
cm 3 K^LfcG a N J: 9 ftSfg 1 0^fc4^*f#Ji 3 

@3/&^^ *^~^£ro£^^i&9au SfficD 

[0 0 7 3] HW6t1ie)llfcGaNli, iulEUte 
#Jl X*7FLtzttm®\X*nbtltzG a Njf (7>^^_L{;i 1 

0 x 1 5 n m<nmm*&.m^ 9 mwmxi, m^mtbtz 

t£G a Ng«£ K^^^^lCl J; 93$ 1 Mm^^/^ 
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X 1 0 6 <m/cm 2 T'fc«9, mj|Elt^J^^2. 4X10 
7 i@/cm 2 T^f9, ^P^(7)t > Otiit^Ji-tt:-<l/ / 'l 
0^TlC^/>LT^fc o £/c. ^ife^J2 <bit^5tS 

[0 0 7 4] [Hi£#j7] ^^JltCjo^T, T^K- 
7°GaNl2i(:^h7^/i>Sl0/ira, ^^3fxm<D 

s i o 2 xvte&mumi 1^1 /im(Dj^iiT*^-r5 

10 tti 1 <£>£fl:«>¥*f#i 3^100/im(7) 

BMfc£U Si K-yGaNi^^Itt^Ii 
IS^^Lfc^r^, ^WJ6J;«?t<^<ixio 3 
ft ttfitt ifi^SS £ ft £ ftfctt ¥*#S«Sr» 

[0 0 7 5] [^fe^J 8 ] HJ£#J 6 ICSSV^T. 1 iC 

A®££®£:U ty77l^Rltt5f77^7^ 

fflv^ittRI«l:lT, if^r^rS^i(DJi{c^i(7> 
ftSIll^SU JK^t\ S i K — :7"G a N £ 9 ft 
5HoIfbWi*l3lri 0 o^moBitSS^f 
ft*5. Sioftlli io»*fiRiBi:»lti 

mft^ h^-r^^r-r^. wott*. n^j6<h^f^^ 

30 tz 0 

[0 0 7 6] [MmW9] MMWSlZ&^Xs S i O2 
cfcflfcSSioffcSfflti i£r, * h7>f/ls^l 0m 

«ggfl£:3 Aim, ^^.Srl nmtL-C^dt-rsffittl^ 
4H^LT, 150// mOS i £ 1 X 1 0 18 /cm 3 K 
-7"Lf:GaNMIH?)o /SfiSL ^*K«? 

i5^p]^^6V>fi^nJ^±CDM B e B ^^<7>^^^'>ftV^ 
40 [0 0 7 7] [HJfe^J 10] il 1 

^owissr^-rwawrffiH-efcs. wt> mi i^tcjc 

[0 0 7 8 ] Hife««J2T^#bttfc^3i^(D^7rWrS 
^1, ^icoi^S^i i N — a$co^i coS 

3 (Dmrnzmtti $ -&m 1 oa<kfe*«fti 3 cd^ic-t 
z> 0 m 1 (omtyo^mfcrn 3 (si k-zgen) 

so hi, 1 0 5 o°cx- com 1 (omt^mwm 3 <d mm 
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^1X10 18 /cm 3 K— ^LfcG a N J: 9 /j:^2^ 

O^T-J&S £l£Z>/<v7Tm2 ttt £ ft Z> Q 
[0 0 7 9] £ blZ. %2<D^yyym^ 1 <D±\zmW- 

2 0^>V^ h A, &^#;F#Si£<£> I no.4 G 
a o.e NJ: 9#5?gf£Jf 3 2. Mi? 0 . 3/im(7)MgK 

I0.2 Gao.8 Ni <9fr5plRiJ^7:y KS 3 3,1 10 
mo. 5/imOMg K— y^G a N <fc 9 #5 plRO^ ? 
h/f 3 4£F£{C/£S£-£5 0 

[0 0 8 0] 2CQ^5/77i 31-p 

9 hJ§ 3 4j£g^ ^*R*S*«d>bBc 

c ir^i: <9 . «)»fi*Jc:p-n»'&ffi*c*»*:#x.«c< < 

[0 08 1 ] x 7 fy^ piliJ^V^^ hi! 3 4(Ot 
®^t5l3f^ffitClN i / A u J: 9 458*:tt©p«S3 5 
2 0 O^y^ hP-AOBIfMl, ^<Dpmm 

3 5CO_tiC, d?yr >f y ^fflW^y Kiffi 3 6^0. 5 

[0 0 8 2] p«£>tt«Jgj&«« t7 7 -<7Hlf^ 30 
Bfc* LTBaj Lfc#§ 1 <0*fb*¥**M 3 JI<D^@£Jn 
td, nlS37^0. 5/im(DgftMt6o 

[0 0 8 3] -^CD^ nil»^^7^fyi, 8 1 
0^b4^^$JI 3<7>Mffi (10 1-0) ^TCOMffi 
tcSjgftffi-CffBff U 3 00/im^OLEDf y/^l 
5 0 rOLEDIi2 OmAtCjoV^T, 5 2 0 n m(Dm& 

«»J£fc2flf£JLbi:* #f«tc«ixfe^^L/c 0 
[0 0 8 4] [HJfctfiJl 1] il 3fi*»BO«ft*tt 40 

^<o«jSSr^-t-SS;»fDBia*T?fcSo HI l 3 £tc(c 

[0 0 8 5] HJ6^j3T-»e>nfc»>3i^^*y-7r-<rS 

^IffcJI 3, 12 CD^flBH 12,82 Otft»*»*i 4 
<o-»ftWIMfe*U !2(Di«^l4 (Si K 
— ^GaN) ^rii^t^^i-z^MOVPEilW 
K«*»rtl:tyM, 1 0 50°CT^Oi2(Oii^ 

*i*lot7 7 rats i i^iitiai u/c® t so 
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H5*tOffi±l-, Si^lXlO 18 /cm 3 ^UfcG 
aNJ;945»3^iy77i4lS:flKfiJ^:-5 0 83 
©^!/77i4 lttXftflll 0£|5]IX, 9 0 0t^± 

fair Ztcib (D&UX-j&g: $-fr^77 7 It ttKSU £ 

5o ^-^m+&ftmi-z>m&. ^©13^^771 

4 1(«100ty^hD-W, £bM#£L 
< J* 7 0^->^^ ho— ^J£i.T. *fc»^L<H:50t 

[0 0 8 6] (^^ 2/*BSJfcJl4 2) #;{wS i^5Xl 
0 18 /cm 3 K— ^Lfc I no.i G a o.9 N £ 9 y 
?&5Stm4 2 £5 OO^y^ hP-AO»J»-Ctfft* 

m^Mfcs # ;£ L < I nGaNT^1^5r^a 
•9, A 1 ^i«I^l^(^7 7^^A5(Ol: 

^Fn^l, 0. 5/imWIiT^$«r 
±t>W£U<\ 1 0 O^f-^^^ Fo-A «t 9 fc*v>£fiii 
IE<^<fc5K:^7:y^B5lt£ LT^fflLl:< <. 0. 5// 

r^7y^Bihl4 2W:fBtSrH-CtS, 
[0 0 8 7] (ntt^7:v KJB4 3) &J.L X S i £: 5 X 
1 0 18 /cm 3 FWUnSA 1 0.2 Gao.8 N <fc t>&<5 
Il(?)I, 20ty^7hD-A<i:, T^V—y (undo 
pe) (OG a N J: ^ 2 <^>M > 2 0^>^hn-A 

b&&mc 1 0 Oiaitt^SMlO. 4/im©^ 

i^^fr, ^L<|j:AlGaNmi^li:t§ 

hn— 2/im^LT. L< Ii5 0 Ot 

y^Fn^-Aah l//m^TX^I^:t^I 

[0 0 8 8] (n^J3fe^>T KJB4 4) ^V^T S Si^5 
X 1 0 18 /cm 3 K-T'LfcnlG aNi^ JfcSniW 
^ KI44^0. 1 Mm(7)gf-e^^t6o wOnlliJ 
Tfe^f^ KJ1 4 4 tt, f£ttJi^3t^-f t Ltitffl L. 
GaN, InGaNMf^tt^i^K, M 
100t>^FD-^5/im, *bJ-»*L<fi2 
0 0^-^^^ V 1 M mWlIt'^^5:<l: 

d«H*L^o r<Dn«*^f-f K*4 4ttii*ttS i , G 

#(c7yK-y(ctai^t§6 0 g^^-TS^ 
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[0 0 8 9] 4 5 ) tfcfC, 7 > V—7*(D I n 

o.zGao.8NJ:9W#Fi, 2 5i-y^hP-A 
fc, T > K— 7 I no.oi Gao.95 N J: 9 ft <5 HHML 5 
0^-V^^ ho— A*3tSU-a»L-C*SttBIJSl 7 5 
, ho-A(O^SS^#F«3t (MQW) cof§fi 

Jf 4 5£j£§£it:5 0 Sfc* #F«XV/*fcWtl»M 
ICS i £ K— ^LTt>«t < , S i * K— L#V* 

[0 0 9 0] (piftl^t7/i4 6) ftl:, ^yK^t 10 

of§tt«4 5 i "9 fc*:#V\ Mg^ixi O 20 /cm 3 K 
^UpiA 1 0.3 G a o.9 NJ: D45pfl|^ y^Ji 
4 6 3 0 O ty^^ h n-^(OBW-(?j*fi$-fr5o - 

ni^fe^ K-T'LT^^ !) r^M^tlfc i 

ORfffiO. l/imWT> $^l^t<|j:5 0 0i-y 

^ jx h n — Ai^T> St)^L<li3 0 0^-y^hD 20 

-A^T^f^-fSo 0. l nm£ D*v^BtJ¥t?*ft* 

pl^rt7yi46*IC^77^^A^t< 

ft 9. ^ttoA^^^^B^SLfcK 
"CfcSo A 1 OMlt^^^^A 1 G a N^i< Mt 

2^_k<7)A 1 yG a i-Y NT'fctll^5 0 O^V^-X h o — 

oKiPtoTPSfiMSt^KR^LftV^ 1 Oifr^?* ho- 

AKiwuw-c^ats - 1 ass* lv\ 

[0 0 9 1 ] (pI*^K!4 7) /<yK=¥+ 30 

jy^jr^A^— ^p{H!J3r-r *y-7m± 6 ct Mg 
£ 1 X 1 0 20 /cm 3 K— /IfcplG a Ni 9 ft£ p {JUJ 
WKl4 7*0. ljamORil-CSS^tSo - O 

!44^C<GaN, InGaNT)8fiSf5:tdS 
3£Ll\ rcogfi P 0!J^7 y KB 4 8 £rj£fi£ 

■&5R^5'7 7i^ trt>^t, loo^v^h 

n — A— 5 /; m, £ £ L < 2 0 0 HrS#* h o 

7fc#-Y KS^LT^i-So l©p«3t^ KJfttiiS 40 
liMg«Opl5F«ftS: K-^LtpI©#«Stf5 
»«c^F«*Sr K— :^Lft<TfcAv\, ft**, rco P 

fcpS^FftttS: K-^trfc J^U £7c7> K— ^t* 

[0 0 9 2] (pWt^y K14 8) EkM. M g £r 1 x 
1 O 20 /cro 3 ^LfcpSlA lo.2 Gao.s N «fc 9 ft 5 
^\<Dm, 20^y^hn-Ah Mgi^lXlO 20 
/cm 3 K— /LfcpiGa N £ <9 ft <5 Jg 2 <D/I . 20t so 
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m«flJ:!)/j:5piij^7y KJf 4 8***^5. 
r^Jf tenlM^ * KJf 4 3 £|!f|i:< J> 7BBCi£tf> 

«^7y Ki4 8©BWfc*lu|BSLftv^ lOOt 

KSWc^tf fc^ nfcij* 7 y K*«J: *9 plHO/Iti!] 

[0 0 9 3] ti^M^FI^f t5^i4 5^ 
!4 5{CgLT, Stti4 5iDV<>'K^y^ 

^mttxvttz** y7M4 e&mv, *<o*w7m 
4 6 x *) hm&mfrbMtitc&mc^ ^^S46j; 

Dfc^y K^^ ^^-^/U^r-^^^^pjllJTfe^ Kg 
4 7£Ktt\ tOp Kl 4 7 J: 0 fcffittld* b 

Mtitz&mz, pMittfJ KJI4 7J:H^K*ty 

45p«7y Kg 4 8*K»S^i:tt#*JJ:»*L 
V\ L^fc piflJ^ 7^14 6(7)x<v K^r-V y^^/U 

^^2/^14 6 -e»lh Sr^f— 

^~:7u— LftWc#>ic x ^coy — *m*asd"fe< * 

[0 0 9 4] (piR!j^>-^^ M4 9) Mg&- 
2X1 O 20 /aa 3 K-^U:piGaNi;*)iSpi«|3 
y^^M49^15 0^">^^ h o — A^IRff-CfiKS 
^iir^o piUJ^ hJIfiS 0 0^">^ ho— A£l 

T\ ^ l< 1^:4 o 0 ty^^ h p-aj^T, 2 

0^-^^^ ho — AJEJL±^KffSrH«i-^o 

[0 0 9 5] S^Tt, SJC^F^(C*5V>r, ^^i — 

«rRJS**a»e>*9iHU U 1 3tc^-T J: 9t-> RIE 

^lia^tiiopi^y^^M2o^ P f^7 

7KIl9^X5/fy^tt, 4^mCO^h^^^I 
yiSMVtb I,* !)y^*i^ffilcNi/A 
u i945pfiffi5 i ^(c, H l 3tc^i- 

«t5(Cp«S5 l^»< pM^7y Ki4 8 X ^y^^ 
M4 9 0^®(CS i O2 <t»? &£f&K!K5 0^J* 
L. :«i5 O^LT P m^5 1 
Lfcp/^7 Kti5 2&Mf&-tZ> 0 

[0 0 9 6] pffiltiMS, ^x-/^t77^f7l 

^l2(Dl«¥iM4^Bi®i:, Ti/Aii 
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let — hv-y^ fy^H— v-3 VffllCAu/S n 

[0 0 9 7] 3 ^ 7 >f U 

fg 2 OO^bfe^aJfftJl 4 (DM® (1 1-00, H] 9 (D^ 
fttt«)«lillcfiatSffi) tl2^MW*#l4^ 
IIP U *«E*fts§W-S. *«® I- S i Oz £ T i O2 

ttffi) tt-h'>^i:MU p/^K«i5 2t!7 10 
-f-V— /it>T^ y^Lt, MTU- F38S«r«*fc£ 

^?U(Cio^T N HtttiMK2. OkA/cm 2 , 
P^fflmEE 4 . 0 V T\ 4 0 5 n m <7>igjB»g JgtfS 

H^SJt, 1 0 0 0«PBl£Jl-h«>»*Sr*Lfc. 
[0 0 9 8] [Hffifcl 12] HI 1 4 fi*|g 

^4i«9^6S^J: , 9JiCD^- : P^i: LTfi, H*E#J 1 
0OLED^^-^{5]1tc0^it^^i-^ o ^7C. *J6«l 
2<Z)LED*^aft»**#SSi Ittt, 3lJ£#j3 20 
(Cjo^TS i £r K-^LfcG a Ni 9 ttfcfgl (Dmt^O 
*mWm 3 C0^i?^r 2 5 M m, |g 2 cD^fc^ilffrJI 4 
£T > K-^G a N <h LTCDJ3£J¥£- 2 5 ^mt L/cffi 

#^7yK-^G a N X 9 

^4CO_b(C % Si^lxlOVcoiHWLfcGaN 
<t 5*SS2(0^^7TJi3 1, KJ¥2 hn 
S^#F^itcDI no.4 Gao.e N£t)#5f£ 
tt* 3 2 , 0 . 3 ju mCOM g K— 7 A 1 0.2 G a 0.8 

Ni*)/j:6piJ^77Kl3 3, ^i?0. 5/imOMg 30 

i£^*f4 ^?m<0'<y VWM3 6&Mf$.£tlX\s^ 
If 3. Il^rill 1, ^2<£>ifcSfflll 2<D£lX, R 

vm 2 os<b»*»#i 4 <7>-«jiHj60ij i o ^ mmiz. 

[0 0 9 9] r<D*^#3Bfc«l 0^iS^5^ 40 

i <omitto¥m#m sxr> ^&m<o^m 2 <omtm 
-®{iij{c P m^3 5 t&w&z 7 t&m~}x\,^z>^tx 

&>Z>o T> K-^OG a N j: 13 2 Of 

(I2^ 5 '77l3 1) ^■LtMWiWi 
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[0 10 0] [UttM 1 3] ^JgtfJ 1 ir|BHH^ % i^^r 

^riSlCGa NJ:*)^S/^77 7l!r2 0 
^hn-At, 7yK^GaNl2^4/im^I^ 
fc^m— Affile U CVDgl^fflV^T, r<7)7*> K 
-7 P GaNl2OlC^h7^7 s tl2 0ym, 5 /i 

mCOS i 02«t V)f£Z>mi<Di%mtig%:0. l ^mOlS 
T^J&LT&S^ — MOVPEM^Mt, 
T>- K-7 P G a NJ12&U^1 CE>«SJ«OjhfC:. Si^ 
1 X 1 0 19 /cm 3 K— ^LfcG a N £ *) t*Z>% 1 (D^ffc 

i 5 m©iw-c«*s-&, m+mm&A 

[oioi] i&nmmmi 2t mmz. lt, mi<omt 
m^m#m<o±\c s si^ixio 18 /cm 3 k— 

GaNiD^^f 2^77/1, mm2 h 
A N ^-if^Fii|(Z)I no.4 Gao.e N«fcflft5 
fi&ttS, RffO. 3 ju mOMg K— 1 0.2 Gao.s N 
ct 9 #5 piffle 7 y KJi. RffO. 5 /x m©Mg K— y*" 
GaNJ:»)iSpi3^^ hW^rHSicaJB-f So 
Tpl»»5)iyfy^t:m ^*fi*»*o* £ v *m 1 

ML, Hi 4(^-1- <t 5*1^— ®ffi!l3&^nfB«i: p 
^5 0/imI^T«LTl< Lfc^, iliij^ 

1 oftBIRoKff S: 5 vmt LTm 1 o^b»¥*ft:li 

[0 10 2] [HJ60IJ14] Cffi^^co^-^T 
0 = 0. 13° , 1 5^>-^^ 

— N ^^^i|jIW*dJ:^: 5 6 jr^tfy V u— M,<D^y- y 

7 P ^l, ty77®^A®i:«2^yf^f77 

-f7ii^ff6 0 il5(i:wt77^7lS^lr 
ttl:t77 >^ LfcX4£te> 7 A 

f2ty^xFn-AlfcH$tl, telSaaUjE L < 

if?ILT^LTV^^, ^cS®OtK^®IC^LT, 0. 
13° L^«^LXV^«CV\ Z<D£?%:*yftZmi-Z> 
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ttia^ #£L<ttO. 8gOT, $^{-»^L< 10 

[oio3] fftmv7T4Tm&<D*7T>yjismz-m 
mmi 3 tmm^ 

£j£fc&, CVD^I^ffiV^, :(D7>K-/GaN 20 
JfCDJilc:;* h 7 -Y 7**8 2 5 n fim(DS i O2 

± 9 *-5*l 0. lMm(DllT«t^ 0 

10 104] ^^!)xwn$:MOVPE^I^ 

2*U r^K-^GaNii&r^mi^SI^-htc, s 

i^lXlO 19 /cm 3 K—^LfcG aNi!) ft£jg 1 <D 
»fc*¥Wft:JBSr 1 0 M m^IIT^^, ^cojg l 
tOM<b^l¥*f*:gC0±^, Si^lxiO 18 /cm 3 K- 
/LfcGaNj:i9^Sl2^y77l, 112 0ty 30 
^Fo-A, ^-IWFiilW I no.4 Gao.6 N X 
9ft5?£tt]i. ^ffO. 3 /i mOMg K— 1 0.2 G 
ao.s Ni0^5pil^7 7KI> 1J?0. 5/imCOM 
g K— r^G a N<fc 9*5 piffle bg£:JIIf-*SJi-r 

1 Hll4tc^:-r 
J:54l3-Iid^n8Si p««**Htt 
60 ^Its f 7/^ 71^1$ ^ 5 0 m mlg*r* 
f «Lt*< Lfcg, 3 5 0 ym^^)If<i:t6o ^ CO 
LED^^Ii^Jg^Jl 30LED^T-i:ltg?Lr, tH* 40 

[0105] [ius^ji 5] mmmi 3ic:*ov>-c, s i 

^lxio 19 /cm 3 K— ^LfcG a N £ 9 ft£fg 1 <om. 
IC, S i ^ 1 X 1 0 19 /cm 3 K-y tfcG a N <t <9 6 



30 

[0106] mnmmmi 3 ^h^iclt, m 2 omit 

Vo¥mfcM<D±l^ Si^lXl 0 18 /cm 3 K-7 P lfc 

n-A, *-i^FiSO I Gao.e N£«9ft£ 

?£t£Jf > KffO. 3 u m<DMg K— 1 0.2 G ao.s N 
<t^i5pl^7 7 Kg, RffO. 5 jumCOMg K*~ 7 

3 5 0/im^cOiftf6 o rCDLED^fi^^Jl 
2©LED* : fJ:9ft»(0»tt^U 0 
[0107] [HifiW 1 6 ] gijfetfij 1 o fc*5v^-c* *^ 

ITS 1 (Otftft^ifM 3 :<D>)xw> 

ii\ « l oSfttt¥*ffl 3 L t «ft»**(« 
*Stt5ftil^aii:LTLEDf y^#5 e ^WLE 

[0108] mmm 1 1 ] £tf, h i 6 ^Tcic^is^j 

1 7ldoV>Ttfc^i-£ 0 Hi 6l4*»fl©***ffitJ; 
[0 10 9] HJfi«6T-»^tt^»>3i— ^O^^r-fr 

&tKi. ^y77i2, vmmi i&mm. k*5&u « 

[0110] &tc x fg i <z>afctt¥9Mttl 3 (SiK- 
^G a N) ^iSit^^x-^^MOVPEM^ 

[0111] (nti!l* 7 y KJf 4 3) Si^ix 
10 19 /cm 3 K— ^Lfcn^A 1 0.2 G a 0.8 N <£ «9 ft 5 
Si CDg, 20t>^7hD-A^ 7 7^ (undo 
pe) COG a N 9 ft 6^ 2 coil. 20t7^hn-A 
$rSSIu 1 o Olgf tt^SMf 0 . 4 u m(Dm 

[0 112] (n«^ K14 4) iK^T, Si Sri 
X 1 0 17 /cm 3 hWL/cnMG a N J: «9ft6nM*^ 
>f KJi4 4 1 n mCOjRff-C'ritS^-frSo 

[0113] 4 5 ) S i * 1 X 1 0 17 / 

cm 3 K— -?<D I no.2 G ao.s N £ Q ft^^F®. 25t 
V^^bci— S i 1 X 1 0 17 /cm 3 K — I 

no.oi Gao.95 Nif9ft6l«S«, 50t7^7hP- 
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(D^mm^^mm (mqw) «i4 5^f^t 

So 

[0 114] (p<fOJ*-y y^J!4 6) iffctC, K=¥-y 

yzf=*A>*f— dSp«*^ KJI4 7 £9 

O^teJf 4 5 <t t) Mg^ixi 0 20 /cm 3 K 

— -^Lfcp^A I 0.3 Gao.9 NJ: <9 ft 5 p M 3r y 

[0 1 15] (pW3t^-T K14 7) ^l:, s<f\r*ir 
;y /x^yl/^-^ p l^r t ^ ^1 4 6 J: V \ Mg 10 

^1X1 0 18 /cm 3 K — "/tfcp^G a NJ; 9 ft£> pillj 
%Xs< KI4 7^0. 1 /im(Dlit^^5 0 

[0 116] (pMt^y KI4 8) SctC, Mg^lX 

1 O 20 /cm 3 FWlfcplA 1 0.2 G a 0.8 N £ 9 ft 5 
f§ic7)/f, 20ty^Fn-^h Mg^lXlO 20 
/cm 3 K-/LfcpSG a Ni D/^l20l, 20t 

hn-Ai^S(caiLT^^IifO. 4^ 
mOj@»^«£9ft5p^7 3> KB 4 8&teJ$L-rZo 
[0117] (pfflj:^** f«4 9) Mg^ 

2 X 1 0 20 /cm 3 K-/LtplG a N J: 9ft£ p#J=* 20 

M4 9£l 5 0^-V^^ ho— A(Z>K*-Cj£fi 

[0 118] SJS»T«. RJGS^Sirtfcfc^T, — 

£RJS«Sa>bBi»!)tHU gli 6(^i"J:5^, RIE 
««IcJ:0*±JI0>pS!=>:<'** M2 ot, P 3!*7 
y YM 1 9 y^LT, 4 *i m co ^ h 7 -f 

&m-rz>!) viSJ&tttVs y^^»iffil:Ni/A 
uj:»)/i5p*S5i«rMt5. 13 1 6 ic^rf- 30 

£ 9i: P ti5 1 pMt^v KJ14 8, = 

h/14 9co^®dS i 02 J: t)ftS*6j»K5 o&J&jeR 

r<7>*6»«5 0^ttpii5 1 £««ttJ-»Jlft 
Ucp^y Km® 5 2£rJ&j*i-5o 
[0 119] p »loaftft*»*|3 
0*^-«5t^^$ttTV>ftV>^®^®(^ Ti/Al 
i^^nll53^0. 5 /im<DjgJ|T«t, 
JilCfc — hf>? t<D* f^-t^f—i/a yffiCAu/S 

n i 9«s*iRSr^-rso 

^ 1 <DKfcfe¥*fWi 3 <Z)Md5 (1 1-00. El 9 OA 

^l, ft^tc P m«{-wft^-c% A-witu 

«U p/^7 KM 5 2*ri7>r-ir— tfvx-f y^Lt, 

t«*S2. OkA/ciD 2 , f«!E4. 0VT\ 50 
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M4 0 5 nrn<omWl¥&M*mm£th. 1 000^W 
[0121] 18] HI 1 7 tt*»W<Ort«*«fe 

it^W-T5 0 itIWIl 8(OLEDiWllb»i 
a N i ^51 1 ^ki^ftl 3^1$^:, ^co<y 

2. fgKoemmi i§»*tTiioiM¥«* 

-tZ>nm?7*y KB 5 1 £/5£S£it£ 0 
(n«^7yKl5 1) S i £ 1 x 1 0 19 /cm 3 K— 7° 
lfcniAlo.2 Gao.s Nj;9^5ll©l> 20t> 
^hn-At ryK-T" (undope) COG a N£ 9 ft 
5^2(01, 2 0^y^hP-At^5ICl0 0i 
4 W m(0«»f*gi:t5. iS 

[0 12 2] ff2*££ftfc^7;y KJ15 liilc, H 

*^ji 6 tmm<D, m&m3 2, P ^7s/Ki3 3, 

nM?7V KI5 lWliM^tnliW 

^ML, Ell 7(c^i"«t9ft|^— ®iiy^bnm8ii:p 

^^7^f/U3 5 0 ^m^^^tt6 0 
[0 12 3] ft^LEDSim &#ft#t££r^ 

1. SffiK »«»iEt«Jl. 5f»tcrnl±Lfc 0 
[0 12 4] 9] HJSWmciiJV^ T> K 

Iiof{bW9*i3^f$t5o r^Si^k 
3 eo_bi^ h^ji 8 ^isra^Lr*^** 

»Ji8^LEDiT-i:^i^ a»4*W4*r*L 

[0125] mM®\2 0] nasm 9n*5i^-c\ mm 

If tLT, 31*60] 1 4 i:»7TyytW77> 
^LtV^f 77^7li^ffll^i{^f(atL 
:<DLEDl^lj:|ISMl90LED 

[0126] Lmmm2 1] ^ffi«7tcjQV^-c*a$^*i 
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£5/zm, 3^m, 1 n miC LTfTofcftii filmic LT 
3«a©tft«¥*f«St««L, ^S#J 7 iridic 

*gg|5 5 /i mt'fcSf^Clt^ 3 Mm, 

[0 12 7] 

[BB©«*4RW] 

m ^ * - ^ * ttm&th mm m 0 



[0 6] *«w<o*ft^#xa«c*5v^r»?>ix5Wb 
[0 7 ] #»w<D*fe^#xa^*3v^r#?>ixsftft 

[0 8] *55^<75*fe(0«-XS(C*3V>rt§P>n5^b 
[0 9] t77^7(OE*fi^t^5/ biryu0 o 

[Hi 0] «ajR^^ hy^y^^mn-r^tz^xD 

[Hi 1] *»Wo*ifetcJ:5iBSS:«v>fcaftft* 

[hi 2] mi KDm^&pmmwfrbFLtzw-mmo 
[hi 3] *&w<Dxmz£zm&&m\f^tcmky9¥- 

[014] #»WO*jSfetc:j:S*«S:ffiv^fc»ls»* 
[Hi 5] ^^rv^Lfc— 

^^^-r«^®H 0 

[Hi 6] *38^co*ffiJc<tsa««:fflv^c^b»¥ 
[Hi 7] *^g^<o*fe*cJ:S«S^v^^b«i* 
[fftoRB] 

1 • • • -mm 

2 . . . . s<>y7 7j§ 

3 • • • • m l 

4 • • . • g5 2 <0ft4fc*¥i*ftJI 

11 Si o^Hil 

12 |2 0>ifcSBS 
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[12] 



[07] 



-A* 977 » 



-11 
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[014] 



42:577*8* it JS 
41:353 0**77?® 

5331 ^ffi" 



1 3] 




earn 




I£i_JiL_arl_— — Jllj — »S= - — 1^ 
tTTi Him -jng rinn nrri bp— ci 



-A* 777 J 

-1 



[HI 5] 



imi 6] 



w 




4fcpffl7>mS 
48:p&7 77>* B 

47:pratt**^^ , a 

46t*t77* Ji 

44ai« ftiWr B- 
433>«3977V* W- 
3:SS 1 ©3<ttt¥»tt« 



iH5 



52:pA* jK«I 
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